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Chapter-I 
General Introduction 
GENERAL INTRODUCTION 
A wave of concern for environment swept across the 
developed countries in the 1960s and reached its climax in 1970 
with the celebration of 'Earth day' under the auspices of United 
Nations. Then from 1972 onwards with the conclusion of United 
Nations Conference on Human Environment at Stockholm, this 
wave started sweeping across India and other developing 
countries. Indeed, man has started to look at the problem 
seriously only after the pollutants and poisons in the air, soil and 
water piled up to the point where they posed a serious threat to 
human existence. It is only now he started realizing and hence, 
the feeble call "back to nature" is now gaining momentum. 
Millions of tonnes of toxic and objectionable material is 
daily being disposed off in the environment as a result of 
industrialization which has lead to catastrophic episodes such as 
turning of Mediterranean sea into a dead sea, "unable to sustain 
aquatic life for several years in 1950s", death of nearly four 
thousand persons due to respiratory diseases in London in 1952, 
death and disease to hundreds of Japanese by eating polluted fish 
from Minimata Bay during 1953 - 1960, changing of thick forests 
extending over large areas around Copperhill, Tennesse (USA) 
into barren land with the setting up of a copper plant in 
Copperhill, methyl isocyanate gas leakage from Union Carbide 
Factory at Bhopal (India) killing about three thousand people in 
1984, and so on. 
Now, the challenging task for the environmental chemist 
is to remove these pollutants often found at trace level in various 
medium of the environment. Today organic as well as inorganic 
pollutants have perhaps become more important as they are not 
only toxic but often carcinogenic and affect physiological 
processes of living things. The most common method for the 
removal of heavy metals involves hydroxide precipitation on the 
basis of its performance and ease of operation. The other 
available methods include evaporation, ion exchange, adsorption, 
electrodialysis, electrolytic extraction, reverse osmosis but many 
of them are used in special circumstances because of their 
relatively high operational cost. 
In recent years the adsorption technique for the removal 
and recovery of heavy metals and organic pollutants from 
industrial wastewater has received a great deal of attention as it 
has been found to be cheap, highly effective and easy method for 
the treatment of effluents bearing heavy metals and organic 
pollutants. 
1.1 ENVIRONMENTAL POLLUTION: 
The term environment, as far as pollution is concerned 
include the air, water, soil and noise. Thus, pollution is generally 
defined as "the addition of the constituents to water, air or soil, 
which adversely alter the natural quality of environment". 
Pollution of the environment is one of the most horrible 
ecological crises to which we are subjected today. The inordinate 
population growth, rapid industrialization, fast urbanization and 
modified agricultural operations have intensified the interaction 
of man with environment. As a result there is an alarming 
increase in the pollution of air, water and soil. Human health is 
seriously affected by environmental and ecological disorders. The 
situation if not controlled, would be a big threat to the very 
servival of mankind on this earth. 
1.2 CLASSIFICATION OF ENVIRONMENTAL POLLUTION: 
(1) Air Pollution. 
(2) Soil Pollution. 
(3) Water Pollution. 
1. Air Pollution: 
Addition of any substance, which alters the physical and 
chemical properties of clean air, could be considered as an air 
pollutant. 
Some important air pollutants are carbon monoxide, 
oxides of sulphur and, nitrogen, hydrocarbons, metal dust, 
fluorides, pesticides, fly ash, soot, and occasionally radioactive 
substances. Various metallurgical process releases dust or fume 
containing metallic pollutants, e.g., lead, chromium, beryllium, 
nickel, arsenic and vanadium. Some metals such as cadmium, 
zinc and mercury are released into the environment from the 
refining of zinc, copper, lead and steel. Some agricultural 
activities such as crop spraying and dusting for pest and weed 
control are responsible for emitting organic phosphates, 
chlorinated hydrocarbons, arsenic and lead into the air. The 
gaseous wastes from automobile exhaust, factories, chimneys as 
well as primitive forms of heating (e.g., burning coals and cow-
dung cakes) are the major sources of air pollution (Copper and 
Rossano, 1974; Baner Jea D., 1976; Tomany, 1974). The present 
average composition of clean dry air is presented in Table 1.1. 
Table 1.1 Concentration of gases comprising normal dry air. 
(Stern, 1968) 
Gas 
Nitrogen 
OjQ'gen 
Argon 
CO2 
Neon 
Helium 
Methane 
Krypton 
Hydrogen 
Xenon 
Nitrogen oxide 
Ozone 
Nitrous oxide 
Concentration (ppm) 
780900 
209400 
9000 
315 
18 
5.2 
1.0-1.2 
1 
0.5 
0.08 
0.02 
0.01-0.04 
0.5 
2. Soil Pollution: 
Like air and water, soil is also subjected to pollution. Any 
factor which deteriorates the quality, texture and mineral content 
of the soil and/or which disturbs the biological balance of the 
organisms in the soil and as a result has a lethal effect on plant 
growth is called soil pollutant. There are several factors such as 
the indiscriminate use of fertilizers and pesticides, accumulation 
of excreta of grazing animals, dumping of urban, industrial and 
radioactive wastes, etc., which cause pollution of the soil. Some 
of these factors not only pollute the soil but also affect the 
quality of drinking water due to the seepage of harmful soluble 
salts down below the soil. The fertilizers added to the soil may 
also get washed by rain into low land lakes. Due to excessive 
nutrition received from the fertilizers, there is overgrowth of 
water weeds (eutrophication) which results in choking of the 
entire ecosystem of lakes. Causes of soil pollution are: 
> Indiscriminate use of fertilizers and pesticides. 
> Accumulation of animal excreta on soil and overgrazing. 
> Dumping of urban solid wastes and industrial wastes. 
> Dumping of radioactive wastes. 
(3) Water Pollution: 
Water pollution may be defined as the alteration ; in 
physical, chemical and biological characteristics of water which 
may cause harmful affect on human and aquatic biota. (Restoring 
the Quality of our Environment, Report 1965, President Science 
Advisory Committee, Washington, USA) 
Water pollution happens when toxic substances enter 
water bodies such as lakes, rivers, oceans and so on, getting 
dissolved in them, lying suspended in the water or depositing on 
the bed. This degrades the quality of water. Not only does this 
spell disaster for aquatic ecosystems, the pollutants also seep 
through and reach the groundwater, which might end up in our 
households as contaminated water we use in our daily activities, 
including drinking. The sources of water pollution are 
categorized as being a point source or a non-source point of 
pollution. Point sources of pollution occur when the polluting 
substance is emitted directly into the waterway. A pipe spewing 
toxic chemicals directly into a river is an example. A non-point 
source occurs when there is runoff of pollutants into a waterway, 
for instance when fertilizer from a field is carried into a stream 
by surface runoff. 
1.2.1 Types of Water Pollution: 
(i) Organic Pollution: 
Organic pollution occurs when an excess of organic 
matter, such as manure or sewage, enters the water. When organic 
matter increases in a pond, the number of decomposers will 
increase. These decomposers grow rapidly and use a great deal of 
oxygen during their growth. This leads to a depletion of oxygen 
as the decomposition process occurs. A lack of oxygen can kill 
aquatic organisms. As the aquatic organisms die, they are broken 
down by decomposers which leads to further depletion of the 
oxygen levels. 
A type of organic pollution can occur when inorganic 
pollutants such as nitrogen and phosphates accumulate in aquatic 
ecosystems. High levels of these nutrients cause an overgrowth of 
plants and algae. As the plants and algae die, they become 
organic material in the water. The enormous decay of this plant 
matter, in turn, lowers the oxygen level. The process of rapid 
plant growth followed by increased activity by decomposers and 
a depletion of the oxygen level is called eutrophication. 
(ii) Thermal Pollution: 
Thermal pollution can occur when water is used as a 
coolant near a power or industrial plant and then is returned to 
the aquatic environment at a higher temperature. Thermal 
pollution can lead to a decrease in the dissolved oxygen level in 
the water while also increasing the biological demand of aquatic 
organisms for oxygen. 
(iii) Ecological Pollution: 
Ecological pollution takes place when chemical pollution, 
organic pollution or thermal pollution are caused by nature rather 
than by human activity. An example of ecological pollution 
would be an increased rate of siltation of a waterway after a 
landslide which would increase the amount of sediments in runoff 
water. Major geological events such as a volcano eruption might 
also be sources of ecological pollution. 
(iv) Inorganic Pollution: 
Water is capable of dissolving and suspending a 
tremendous variety of materials. Inorganic contaminants are 
compounds that typically do not contain the element carbon in 
their structure and can be dissolved in water from natural sources 
or as the result of human activity. These are regulated in public 
water supplies due to their ability to cause acute poisoning, 
cancer, and other health effects. Some inorganic pollutants are 
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not particularly toxic, but are still a danger to the environment 
because they are used so extensively. These include fertilizers, 
such as nitrates and phosphates. Nitrates and phosphates cause 
algal blooms in surface water, which causes the oxygen level of 
the water to decline. This causes oxygen starvation because of 
the uptake of oxygen by microorganisms that break down algae. 
This is called eutrophication. 
Metals are other source of inorganic pollution in water. 
Metals are natural substances that have consisted through 
weathering of ore bodies, where they were deposited during 
volcanic action. They can be relocated into situations where they 
can cause serious environmental damage. They can be found in 
surface waters in their stable ionic forms. The industrial 
discharges are the major source of heavy metals in water. 
Unnatural metals can be very dangerous, because they often come 
from man-made nuclear reactions and can be strongly radioactive. 
Metals are often involved in electron transfer reactions 
involving oxygen. This can lead to the formation of toxic 
oxyradicals. Metals can bond to organic compounds to form 
lipophilic substances that are often highly toxic and can be stored 
in the fat-supply of animals and humans. Metals can also bond to 
cellular macromolecules in the human body. Metals cannot be 
broken down into less harmful components, as they are non-
biodegradable. Table 1.2 gives a list of some heavy metals 
produced by commercial, industrial and agricultural activities and 
are considered priority pollutants. 
Table 1.2 Typical waste compounds produced by commercial, 
industrial, and agricultural activities that have been classified 
as priority pollutants. (Metcalf, 2003) 
Name 
Arsenic* 
(As) 
Cadmium 
(Cd) 
Zinc 
(Zn) 
Chromium 
(Cr) 
Lead 
(Pb) 
Use 
Alloying activities for metals. 
especially lead and copper as 
shot,'battery grids etc. 
Electrodeposited and dipped 
coatings on metals, bearing 
and low-melting alloys. 
brazing alloys, fire protection 
system, nickel-cadmium sto-
rage batteries, fungicide, pho-
tography, photoelectric cells. 
Metal plating industries. 
Alloying and plating elements 
on metal and plastic substrates 
for corrosion resistance. 
protective coating for 
automotive and equipment 
accessories, constituent of 
inorganic pigments. 
Storage batteries, gasoline 
additive, cable covering, am-
munition, piping, tank lining, 
solder and fusible alloys, vib-
ration damping in heavy 
construction etc. 
Concern 
Carcinogenic and mutagen. Long-
term: sometimes can cause fatigue 
and loss of energy, dermatitis. 
Flammable in powder form. Toxic 
by inhalation of dust or fume. A 
carcinogen. Long-term: concentra-
tes in the liver, kidneys, pancreas. 
and thyroid; hypertension suspected 
effect. 
Toxic to plants. 
Hexavalent chromium compounds 
are carcinogenic and corrosive on 
tissue. Long-term: skin sensitiza-
tion and kidney damage. 
Toxic by ingestion or inhalation of 
dust or fumes. Long-term: brain 
and kidney damage, birth defects. 
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Mercury 
(Hg) 
Selenium* 
(Se) 
Silver 
(Ag) 
Copper 
(Cu) 
Amalgams, catalyst, electrical 
apparatus, cathodes for pro-
duction of chlorine and cau-
stic soda instruments, mercury 
vapor Izunps, mirror coating. 
arc lamp, boilers. 
Electronics, xerographic pla-
tes, TV cameras, photocells. 
magnetic computer cores. 
solar batteries, ceramic, 
catalyst, trace element in 
animal feed etc. 
Manufacture of silver nitrate. 
silver bromide, photochemic-
als; lining vats for chemical 
reaction vessels, water distil-
lation etc.; mirrors, electric 
conductors, jewelry, solar 
cells etc. 
Metal plating industries, 
mining, mineral leaching etc. 
Highly toxic by skin absorption and 
inhalation of fume or vapor. Long-
term: toxic to central nervous 
system, may cause birth defects. 
Long-term: red staining of fingers. 
teeth, and hair, general weakness. 
depression, irritation of nose and 
mouth. 
Toxic metal. Long-term: permanent 
discoloration of skin, eyes, and 
mucous membrane. 
Not very toxic to animals, toxic to 
plants and algae. 
*Note: Arsenic and Selenium are not heavy metals but are priority pollutants. 
1.3 HEAVY METAL POLLUTION: 
Heavy metals are generally considered to be those whose 
density exceeds 5 grams per cubic centimetre. A large number of 
elements fall into this category, but the ones listed in table 1.2 
above are those of relevance in the environmental context. Other 
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heavy metals rarely occur in concentrations high enough to cause 
harmful effects. Arsenic is usually regarded as hazardous heavy 
metals even though it is actually a semi-metal. 
1.4 SOURCES OF HEAVY METAL POLLUTION: 
Pollution by heavy metals is of great concern due to the 
increased awareness of the potentially hazardous effects of 
elevated levels of these materials in the environment. In general 
it is possible to distinguish between different sources from which 
metal pollution of the environment originates. These sources 
have been described below: 
(!) Geological Weathering: 
This is the source of baseline or background levels. In 
the areas characterized by metal bearing formations, these metals 
occur in elevated levels in the water and sediments of the 
particular area. 
Arsenic rich hot springs arising from geothermal activity 
feed the Waikato River of North Island, Newzealand. Submerged 
aquatic plants from this river were found to contain arsenic at a 
maximum of 650 mgKg"' of dry mass as compared to arsenic 
levels below 12 mgKg"' in plants growing in natural soils (Reay, 
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1972). Similarly, geothermal sources in North Island are a natural 
source of mercury enrichment. 
(ii) Mining Effluents: 
The serious effects of mine effluents on the water quality 
in rivers and lakes, as well as on aquatic life particularly on fish 
have been known for many years. 
Minerals containing sulfur (e.g., iron pyrite, copper 
pyrite) on coming in contact with air and water yield sulphuric 
acid which is carried into lakes and rivers by water draining from 
the mines. The presence of the acid affects aquatic life. 
(iii) Industrial Effluents: 
There are numerous sources of industrial effluents 
leading to heavy metal enrichment of the aquatic environment. 
Chemical and electrochemical methods are employed in 
the metal finishing and allied industries for the purpose of 
protection and/or decoration of a variety of metal surfaces (Lowe, 
1970). Most of the processes are followed by rinsing operations 
to remove the excess chemicals and other waste material from the 
treated surface, thus giving rise to effluents containing metals. 
The textile dyeing and laundry wastes have high 
chromium concentration. The bakery wastewater contains high 
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levels of nickel and dyers discharge exceptionally high 
concentration of Cu, Cr, Ni, Zn and Cd (Klein et al., 1974). 
Wastes from metal finishing operations particularly those 
from electroplating are among the most toxic of industrial 
effluents. Since they contain such poisonous constituents as 
acids, heavy metals viz., Cr, Cu, Ni, Cd, Zn and cyanides. 
Electroplating wastes is one of the major contributors to heavy 
metal pollution in surface waters (Golomb, 1972; Dean et al., 
1972; Forstner and Wittman, 1981; Music, 1986). 
(iv) Domestic Effluents: 
The domestic wastewater constitutes the largest single 
source of elevated metal concentration in rivers and lakes. The 
concentration of copper, lead, zinc, cadmium and silver reveal a 
marked influence of domestic effluents in the receiving waters 
(Preuss and Kollmann, 1974). 
The use of detergents also create a possible pollution 
hazard, since common household detergent products can affect 
the water quality. Many enzyme detergents contain traces of 
elements like Fe, Mn, Cr, Ni, Co, Zn, Sr and B (Angino et al., 
1970). 
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(v) Urban Storm Water Runoff: 
Heavy rainfall in urban areas is no longer regarded as 
only downpour of rain water, since they often contain shock 
loads of contaminants (Sartor et al., 1974). The potential 
contamination however, occurs during the period of storm runoff 
which brings trace elements resulted from atmospheric emissions 
and deposited on various surface materials to the nearby drainage 
system. After monitoring heavy metals from two heavily 
urbanized watershed at Lodi, New Jersey, Whipple and Hunter 
(1977) detected high concentration of lead, zinc and copper after 
a storm event. 
1.5 TREATMENT TECHNOLOGIES FOR THE REMOVAL AND 
RECOVERY OF HEAVY METALS FROM WASTEWATER: 
The presence of heavy metals in the environment can be 
detrimental to a variety of living species. Therefore, the 
elimination of heavy metals from water and wastewater is 
important in order to safeguard public health. Several methods 
have been used for the removal and recovery of heavy metals 
such as: 
(i) Precipitation: 
Heavy metal ions occur in wastes from metal finishing 
industries and in several other types of industrial wastes. These 
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metal salts are usually accompanied by acids that can be 
destroyed by neutralization. If the neutralizing agent is strong 
enough and if a sufficient quantity is employed, the pH can be 
carried beyond the neutral point of 7. At a pH of 8 or 9, most of 
the heavy metals are precipitated as hydroxides or basic salts. 
However, lime is preferred over the more expensive sodium or 
potassium hydroxide. 
Trivalent chromium can be removed as insoluble chromic 
hydroxide Cr(0H)3 by precipitation with caustic soda or lime 
(Besselievre, 1969). The precipitation process is most effective at 
pH 8.5 - 9.5 due to the low solubility of chromic hydroxide in 
this range. 
The chromium content of electroplating waste was 
reduced from 140 mgL' ' to 1.0 mgL'' by neutralization and 
precipitation with lime at pH 7 - 8 (Avrutskii, 1969). A 
coagulant aid was employed to improve the chromic hydroxide 
precipitate removal. 
(ii) Reduction: 
In reduction treatment technique, the pH of the 
wastewater has to be lowered with sulphuric acid and convert the 
hexavalent chromium to trivalent chromium with a chemical 
reducing agent such as sulphur dioxide, sodium bisulphite. 
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metabisulphite or ferrous sulphate. The trivalent chromium is 
then removed usually by precipitation with lime (Besselievre. 
1969). 
Sulphur dioxide is the most popular reducing agent in 
treatment of chromium containing wastes, primarily because it is 
relatively cheap (Stone, 1972). Its use to treat chromium in metal 
finishing wastes at Boeing plant has been reported (Halse et al., 
1960). The pH of the waste was adjusted to 2.5 by adding 
sulphuric acid before reduction. Sulphur dioxide, used to treat 
chromic acid plating bath and chromic acid bath wastes yielded 
less than 1.0 mgL"' residual hexavalent chromium (Shink, 1968). 
(iii) Ion Exchange: 
Ion exchange is capable of achieving very high levels of 
copper removal particularly from low concentration wastes. 
Copper removal by ion exchange from 1.02 mgL' ' to less than 
0.03 mgL"' has been reported (Botham and Bryson, 1953). When 
compared to other treatment methods, for cases where metal 
recovery is not feasible, ion exchange does not appear to be 
practicable as it is a costly process. 
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(iv) Evaporative Recovery: 
' Use of evaporative recovery has been practiced for over 
20 years (Culotta and Swanton, 1970). Recovery of copper by 
this method is often more economical than some other metals 
such as zinc due to its higher cost (Culotta and Swanton, 1971). 
In evaporative recovery of chromic acid, all constituents 
of the wastewater are retained in the concentrated product. In 
practice, this has been a major disadvantage of evaporative 
recovery since the build up of impurities often results in 
defective plating (Pinner, 1973). 
(v) Electrochemical Reduction: 
A recently developed process with potential application 
for both concentrated and dilute copper containing wastewater is 
'cementation' (Jester and Taylor, 1973; Case, 1974). The process 
involves percolating the copper wastewater through a bed scrap 
iron. By oxidation - reduction reaction, copper is cemented onto 
the iron, with sacrificial iron going into solution. 
Reduction of Cr(VI) to Cr(III) has also been successfully 
applied in an electrochemical treatment process. The hexavalent 
chromium reacts with both elemental and ferrous ion and gets 
reduced to trivalent chromium. The reaction has been found to be 
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pH dependent. Complete reduction of 100 mgL"' Cr(VI) solution 
has been reported within 8 minutes at pH 2 (Case, 1974). 
(vi) Reverse Osmosis: 
Successful pilot scale reverse osmosis treatment (99% 
rejection) has been reported for copper pyrophosphate and copper 
cyanide plating bath rinse water. However, available membranes 
are suitable only over a pH range of 3.5 - 12.0 (Donnelly et al., 
1974). 
(vii) Electrodialysis: 
Electrodialysis is economically feasible for treatment of 
process solutions and rinse waters from plating and metal 
finishing operations and for treatment of acid mine drainage 
containing heavy metals (Bovet 1970). In the electrodialysis 
process, ionic components of a solution are separated through the 
use of semipermeable ion-selective membranes. 
(viii) Freeze Recovery: 
Freeze recovery has also been considered and reported 
effective followed by precipitative treatment of the concentrated 
slurry (Donnelly et al., 1974). About 99.6% reduction of 
cadmium to a final concentration of 0.4 mgL*' has been achieved 
by this process (Campbell and Emmerman, 1972). 
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(ix) Electrolytic Recovery: 
Direct electrolytic recovery of copper metal is possible 
from relatively concentrated waste solutions. The electrolytic 
process generally requires a preconcentration step such as ion-
exchange or evaporation. Acid leach solution from copper ore can 
be electrolysed directly in one application to recover copper 
(Simpson and Thompson, 1950). 
(x) Adsorption Process: 
Adsorption has been found to be cheap, effective and easy 
method for the treatment of effluents bearing heavy metals among 
the above physico-chemical treatment processes (Ajmal et al., 
2000). The use of adsorption processes of solid adsorbents has 
been considerably developed recently, for the removal of 
pollutants. It has been found to be very useful and successful in 
many Helds such as the purification processes, water treatment 
processes and analytical methods. 
1.6 THEORITICAL ASPECTS OF ADSORPTION: 
1.6.1 Adsorption: 
The term adsorption was first used by "Kayser" in 1881 
and it refers strictly to the existence of higher concentration of 
any particular component at the surface of the liquid or solid 
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phase than in the bulk. The adsorption may be of two types 
namely physical and chemical. The physical adsorption occurs 
mainly due to weak forces like ion-dipole, dipole-dipole, 
polarization or induced dipole, Van der Wall's forces etc. The 
physical adsorption is reversible, temporary in character. It 
usually involves lesser heat changes (Adams, 1973). While 
chemical adsorption is due to the formation of chemical linkages 
between adsorbate and adsorbent which gives rise to a permanent 
binding of species over adsorbent surfaces. The chemical 
adsorption is irreversible and is carried out at high temperature. 
It is characterized by a large heat change during adsorption 
(Adomson, 1960; Gregg and Singh, 1967). 
1.6.2 Mechanism of Adsorption: 
A solid surface in contact with a solution has the 
tendency to accumulate a layer of solute molecules at the 
interface due to imbalance of surface forces. This accumulation 
of molecules is a vectorial sum of the forces of the attraction and 
repulsion between the solution and the adsorbent. Majorities of 
the solute ions or molecules, accumulated at the interface are 
adsorbed onto the large surface area within the pores of adsorbent 
and relatively a few are adsorbed on the outside surface of the 
adsorbent. Adsorption from an aqueous solution is influenced 
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largely by the competition between the solute and the solvent 
molecules for adsorption sites. The tendency of a particular 
solute to get adsorbed is determined by the difference in the 
adsorption potential between the solute and the solvent. The low 
adsorption capacity of polar adsorbents like zeolites for solute in 
a polar solvent like water is an example of this phenomenon. In 
general, the lower the affinity of the adsorbent for the solvent, 
the higher will be adsorption capacity for solutes. A polar (or 
non-polar) adsorbent will preferentially adsorb the more polar (or 
non-polar) component of a non-polar (or polar) solute. 
The adsorption process in solution takes place in four 
more or less definable steps: (i) bulk solution transport, (ii) film 
diffusion transport, (iii) pore transport and (iv) adsorption (or 
sorption) (Metcalf and Eddy 2003). 
(i) Bulk solution transport involves the movement of the 
adsorbate through the bulk liquid to the boundary 
layer of the fixed film or liquid surrounding the 
adsorbent. 
(ii) Film diffusion transport involves the transport by 
diffusion of the adsorbate through the stagnant liquid 
film to the entrance of the pores of the adsorbent. 
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(iii) Pore transport involves the transport of adsorbate 
through the pores by diffusion along the surface of 
adsorbent. 
(iv) Adsorption involves the attachment of the adsorbate 
to adsorbent at an available adsorption site. 
Many factors influence the rate of adsorption and extent 
to which a particular solute can be adsorbed. The general effects 
of some more important factors like nature of adsorbent and 
adsorbate, concentration, extent of agitation, pH, temperature, 
contact time, etc., are summarized in Table 1.3. 
Table 1.3 Factors influencing adsorption from solution. 
Agitation/Relative velocity: At low agitation film diffusion 
is rate controlling. At high 
agitation pore diffusion is rate 
limiting. 
Adsorbent characteristics: Adsorption rate increases with 
decreasing particle size of 
adsorbent, presence of surface 
charges. 
Size and shape of adsorbate: Adsorption usually decreases, 
as the size of the molecules 
becomes large. 
25 
Concentration: 
pH: 
Temperature: 
Rate of adsorption increases 
with increase in concentration. 
Rate constant is directly propo-
rtional to concentration. 
Strong influence on adsorption 
due to change in ionic concentr-
ations of water and solutes. 
Affects rate and extent of 
adsorption. 
1.6.3 Adsorption Isotherm: 
Langmuir and Freundlich isotherms are used to analyze 
the adsorption data. The Langmuir isotherm model is valid for 
monolayer adsorption on to surface containing finite number of 
identical adsorption sites which is described by the following 
equation: 
^ \ + bC, 
where qe and qm are the observed and maximum uptake 
capacities (mg adsorbate/g adsorbent) respectively; Ce the 
equilibrium concentration (mgL'' solution); b the equilibrium 
constant (Lmg"') (Langmuir 1918). For the convenience of 
plotting and determining the Langmuir constants, the Langmuir 
equation can be rearranged to linear form as below: 
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-L=-L— + — 
9, <imb C, g„ 
The linear plot of 1/qe versus 1/Ce indicates that 
adsorption follows Langmuir isotherm. The essential features of 
the Langmuir isotherm can be expressed in terms of a 
dimensionless constant separation factor or equilibrium 
parameter (R), which is defined as: 
R = 1 + bCj 
where b is the Langmuir constant, Ci is the initial 
concentration of solution (mgL"*) (Hall et al., 1966). 
If, 
R > 1 Unfavorable type of isotherm. 
R = 1 Linear isotherm. 
0 < R <1 Favorable type of isotherm. 
R = 0 Irreversible. 
The Freundlich equation, on the other hand is purely 
empirical based on sorption on heterogeneous surface, which is 
commonly presented as: 
where Kf (mgg"') and n are Freundlich constants related to 
adsorption capacity and adsorption intensity (Freundlich 1926). 
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The Freundlich equation can be linearized in logarithmic form for 
the determination of Freundlich constants as below: 
\nq^ =—InC, + \nKf 
n 
The linear plot of Inqe versus InCe indicates that 
adsorption process follows Freundlich isotherm. 
1.6.4 Thermodynamics of Adsorption: 
Thermodynamic parameters for adsorption such as 
standard free energy change (AG°), enthalpy change (AH°) and 
entropy change (AS°) are calculated using the following 
equations (Singh et al., 1988; Catena and Bright, 1989; Fraji et 
al., 1992). 
C 
' C. 
where Kc is the equilibrium constant, C^ is the equilibrium 
concentration (mgL"') of metal ion on the adsorbent and Ce is the 
equilibrium concentration (mgL'') of metal ion in solution. 
AG° is calculated from the equation: 
AG° = - RTlnKc 
where T is the temperature in Kelvin scale and R is a gas 
constant. 
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AH° and AS° are calculated from the following equation: 
taK. = ^ - ^ 
R RT 
AH° and AS" are obtained from the slope and intercept of 
Van't Hoff plots of InKc versus I/T. 
If, -
AH** +ve Endothermic process. 
AH** -ve Exothermic process. 
AG** +ve Non-spontaneous process. 
AG** -ve Spontaneous process. 
AS** +ve Increase in randomness. 
AS** -ve Decrease in randomness. 
1,7 SURVEY OF LITERATURE: 
As reported earlier among the various physicochemical 
treatment processes adsorption technique is found to be highly 
effective arid easy method for the removal of toxic metals from 
wastewater. The activated carbon is the most widely used 
adsorbent, but owing to its high cost and difHcult procurement, 
efforts are being directed towards finding efficient and low-cost 
materials that can be used more economically on large scale. 
Aleate et al. (1989) studied the adsorption of hexavalent 
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Chromium on carbonaceous material developed from coconut 
shell, while waste slurry from fertilizer plants was used as an 
adsorbent for hexavalent chromium by Srivastava et al. (1989). 
Iron impregnated sawdust was used for the removal of 
phenolic compounds from water (Singh and Mishra, 1990) while 
the adsorption of Cu on sawdust was studied by Vaishya and 
Prasad (1991). 
Various low-cost adsorbents reported to be effective for 
the removal of dissolved lead ions include tree bark (Kumar and 
Dara, 1980), low rank peat moss (Coupel and Lalancette, 1976), 
and pyrolusite (Ajmal et al., 1995). 
Removal of nickel by adsorption using solid residue from 
olive mill products (Gharaibeh et al., 1998), Magnifera indica 
seed shell (Ajmal et al., 1998), humic acid type purifying agents 
(Guangju et al., 1986), coal-based adsorbents (Singh and Lai, 
1992), burned clay and root (Donali et al., 1992) have been 
reported. 
Recent literature survey on adsorption for removal and 
recovery of heavy metals from wastewater using low-cost 
adsorbents is summarized in Table 1.4. 
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Table 1.4 A 
Wastewater 
Low-cost 
adsorbent 
Selective Summary of Recent Work Done on Treatment of 
Containing Heavy Metals Using Low-cost Adsorbents. 
Metals 
removed 
Remarks References 
Peanut hull 
carbon 
Polymerized 
dust 
C. crispate 
Pb(II) 
Hg(II) 
Cu(II) 
Polyarylamide Pb(II) 
grafted 
Tin(IV) oxide 
gel 
Efficient removal of Pb(ll) Periasamy et 
is accomplished from aq. al., 1995 
Solution by carbon prepared 
from peanut hulls (PHC). 
Maximum accumulation was Raji et al., 
noted with 4h; max. removal 1996 
(54%) was recorded at <10 
mgl"' Hg(II). The sorbent is 
effective at pH 3.5-8.5. 
Hg(n) could be released by 
using IM HCI or chelating 
agent (0.1 M EDTA). 
Increase of biomass quantity Ozer et al.. 
effects the Cu(n) removal. 1995 
Uptake is max. around pH Subha et al.. 
5.5. Spent adsorbent can be 1996 
regenerated by acid treat-
ment and reused. 
Fe(II) As(II), Hg(II), Removal was efficient, 
hydroxide Cr(III) 
Calcium Cd(II) 
hydroxyapetite 
Magnetite 
pellets 
Zn(n) 
Namasivaym 
et al., 1995 
Adsorption increases with Jeanjean et 
pH. al., 1995 
Pellet size and reaction time Cargnel et 
had a significant impact on al., 1995 
adsorption capacity. 
Continued. 
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Low-cost Metals Remarks References 
adsorbent removed 
Xanthate Zn(II),Cd(II), Was efficient for complete Yang et al., 
Cu(II),Ni(lI), removal. 1995 
Fe(III),Cr(VI) 
Pyrolusite Pb(II), Zn(II), Adsorption followed the Ajmal et al., 
Mg(II) order Pb(n)>Zn(II)>Mg(II) . 1995 
100% and 96% removal 
achieved from synthetic 
wastewater contg. 5 mgL' ' 
and 120 m g L ' of Pb(II) 
resp. at pH 7. 
Bark of Cu(II) Most favorable pH value lies Loskutor et 
L. siberica in the range of 6.5 - 11.0. al., 1995 
ladeb, P. 
sylvestris & 
A. siberica 
laded 
Peanut hull Cu(II) Removal was efficient in pH Periasamy et 
carbon range of 4.0 - 10.0 al., 1996 
Recycled Pb, Zn Cd Adsorption capacity was in Smith et al., 
iron bearing the order of Pb>Zn>Cd. 1995 
material Adsorption is sensitive to 
pH. More than 90% removal 
occurs within 10-20 h. 
Zeolitized Cu(n) , Zn(II) Removal of metal ions vs. Patane et al., 
waste time has been studied. 1996 
material. 
Continued 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Silica 
immobilized 
Medicago 
sativa (alfa 
a I fa) 
Streptomyces 
pimprine 
Minerals 
Granular 
activated 
carbon 
Flyash 
Cu(II) pH is sensitive in removal. Gardea et 
Desorption is possible with al., 1996 
0.1 M HCI. 
Cd(II) Rate of uptake was max. in Puranik et 
the first lOmin. and the al., 1996 
equil. achieved after 60min. 
max. adsorpt. was observed 
at pH 5. 0.1 M EDTA 
could desorb Cd loaded. 
Cd(II),Cr(in) Adsorption was strongly Arnfalk et 
Cr(VI),Hg(ir), dependent on organic al., 1996 
Pb(II) content of the minerals. 
Hematite and As(V) 
Feldspar 
Cr(VI) 
Canola meal Cr(III) 
Cr(VI) 
pH of system played key Singh etal . , 
role in uptake. The max. 1996 
removal was 100% with 
hematite and 97% with 
feldspar. 
Most effective pH was 2.5- Sharma et 
3.0 and max. adsorption al., 1996 
capacity was 145 mgL' , 
Cr(III) adsorption increased Al-Asheh et 
with temp, between 40°C al., 1996 
and 50°C. pH between 5 
and 7 did not have much 
effect on adsorption. 
Better separation is obtai- Dasmahaptra 
ned at acidic pH and at et al., 1996 
higher temperature. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Phosphate 
treated saw 
dust 
Palm pressed 
fibres 
Chickpea 
feather 
Granular 
activated 
carbon 
Cr(VI) 
Cu(II), Ni(II) 
Au(III), Pt(II) 
Pd(II) 
Pb(II) 
Cr(VI) adsorption was Ajmal et al., 
100% at pH <2 for initial 1996 
Cr(VI) concentration of 
8 - 50 m g L ' . 
Homogenous column stud- Tan et al., 
ies show that metal 1996 
sorption increased with 
lower flow rate, higher bed 
depth and lower metal ion 
concen. 
Gold(III) potassium cyan- Suyama et 
ide was accumulated upto al. , 1996 
5.5% at pH 2.0. Adsorbent 
is promising for use in 
removal and recovery of 
precious metals. 
Column pH was extremely Reed et a!., 
important to Pb removal in 1996 
GAC column. 
Nonliving 
water 
hyacinth 
roots 
Zeolites 
Blast furnace 
sludge 
Ni(II) , C r ( n i ) Good adsorption 
Cu(II), Cd(II), recorded. 
Zn(II) 
was Wang et al., 
1996 
Ni(II), Cr(III) 
Cu(l l) 
Using zeolite in Na or H Gomonai et 
form it is possible to al. , 1996 
extract almost complete 
Ni(Il) ions and upto 70% 
Cr(III) ions. 
Good adsorbent for Cu(II) Lopez et al., 
removal. 1996 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
China clay 
Albizia 
labbeck pod 
Cd(II), Ni(II) 
Cr(VI) 
78% of Cd(II) and 86% of Sharma et 
Ni(II) were recovered by Ig al., 1996 
of adsorbent at 30°C and 
pH 6.5. 
The optimum pH for Verma et al., 
adsorption was found to be 1996 
2.0. Metal removal effici-
ency was 94 - 99%. 
Pencillium Cu(II) 
Agricultural 
byproducts 
Cd(II), Pb(II) 
Dead biomass Cd(II) 
(e.g.,Strepto-
mycetes) 
Higher pH had positive Mishra et 
effect and higher temp, had al., 1996 
a negative effect on 
adsorption. Cu(II) adsorpt. 
decreased in presence of 
Ni. 
Adsorpt. of Cd(II) follows Jahagirdar et 
the order polymerized aJ., 1997 
onion skin > bagasse > 
banana > husk > suffola 
husk > spinach. Adsorption 
of Pb(II) follows the order 
polymerized onion skin 
>spinach > suffola husk > 
bagasse > banana > husk. 
Promising for Cd removal. Matis et al., 
1997 
Sugarcane 
bagasse 
Cu(II) The adsorption equilibrium Filho et al., 
was attained in 8h at room 1996 
temperature. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Agricultural 
solid waste 
(coir pith 
carbon) 
Cu(Il) 
Rice husk Cr(VI), Zn(II), 
Cu(II), Cd(II) 
Sea weeds 
and sea weed 
derivatives 
Modified 
bark 
Cu(II),Ni(II), 
Cd(II), Pb(II), 
Zn(II) 
Pb(II),Zn(II), 
Cr(III),Fe(II) 
Cu(II) 
Moss Cr(III) 
Peat Cd(II),Cu(II), 
Zn(II) 
Adsorption equilibrium was 
reached in 25 min. for 20-
50 mgL'' concn. of Cu(II). 
The % removal increased 
from 50 to 90 with increase 
of pH from 2.0 to 4.0 and 
remained const, to pH 10.0 
for Cu(II) concentration of 
20 mgL-'. 
At the optimum conditions 
the Cr(VI), Zn(II), Cu(II) 
and Cd(II) removal were 
79, 85, 80 85% respectively. 
Almost complete elution 
withdil. HCI. 
The three brown sea weeds 
can remove Cu, Ni, Cd, Pb 
and Zn in considerable 
amount. 
The metal ions could be 
stripped by addition of 
0.1 N HCI, making the 
subs, for regeneration and 
reutilization. 
The maximum sorption 
capacities were 15.4 and 
13.7 mg/g for synthetic 
solution and tannery 
wastewater. 
Adsorption follows the 
Langmuir isotherm. 
Namasivaym 
et al., 1997 
Muqaf et al., 
1997 
Williams et 
al., 1997 
Gloguen et 
al., 1997 
Low et al., 
1997 
McKay et al., 
1997 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Treated and 
untreated low 
grade 
bituminous 
coal 
Cu(II),Ni(II), 
Zn(II), and 
Cr(VI) 
Zeolite tuff Pb(II), Ni(II) 
Algal 
biomass 
Cd(II) 
C. vulgaris Fe(II), Cr(VI) 
Abelmoschus Cr(VI) 
esculentus 
China clay Cd(II) 
Bituminous coal was Singh et a!., 
subjected to hydrothermal 1997 
treatment to enhance the 
adsorpt. of Cu(II), Ni(II), 
Zn(II) and Cr(VI). 
Removal capacity is Ali et al., 
considerably higher for Pb 1997 
than for Ni under all 
conditions. The finer 
zeolite particles used the 
higher the metal exchange 
capacity. An initial pH of 
4 is favorable for high 
metal removal. 
HCI at pH 2 desorbed 80% Chu et al., 
of Cd initially loaded onto 1997 
the biomass. Almost 
complete Cd recovery was 
achieved by a 3.24 mM 
EDTA soln. 
Optimum biosorption pH Aksu et al., 
for both metal ions was 1997 
detd. as 2.0. 
The removal was most Jasjia et al., 
effective at low pH values. 1997 
Favorable conditions are an 
equil. time of 7 h and an 
adsorbent dose of 10 mgL' ' . 
Presents a new modeling Chakravarty 
technique for removal. et al. , 1997 
Continued. 
37 
Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Activated 
zeolite 
Biomass 
Kiln dust 
Activated 
carbon from 
rice husk 
Pb(II), Cd(II) 
Cr(III) 
Cd(II) 
Cr(III),Fe(II), 
Co(II),Zn(II), 
Cd(II).Pb(II), 
Ni(II), Mn(II) 
Co(II) 
Suitable reaction conditions Hu et al., 
were as follows: NaOH 1997 
concn. 3-5 molL'', tempera-
ture 95 ± 5°C, reaction time 
6-9 h and pH > 4. Zeolite 
was recycled by washing 
with 0.05 M HCl. 
Micrococeuslutens biomass 
can remove Cd(II) in cons-
iderable amounts. 
Results showed cement kiln 
dust is favorable material 
to effectively remove heavy 
metals from industrial 
wastewater. 
The optimum pH, ACRH Teper et al., 
dosage and contact time 1997 
were 6-7, 1.5g ACRH/50 ml 
soln. and 40 min. 
Souza et al., 
1997 
El-Awady et 
al., 1997 
Lignin 
Opoka 
Pb(Il),Cr(IlI) Functionalities as phenols Lalvani et 
Cr(VI),Zn(II) in lignin serves as site for al., 1997 
the metal cation exchanger. 
Elution of adsorbed metal 
is possible with 10% 
H2SO4. 
Cr(III),Fe(II), 
Ni(II), Cu(II) 
Silica mineral Opoka is a Nikoforor et 
potential adsorbent for the al., 1997 
removal of metals. 
Continued. 
38 
Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Azolia 
filiculoids 
Natural 
sorbents 
Keratinus 
materials 
(Human black 
and white 
hair) 
Cr(VI) 
Cr(III) 
Cr(VI) 
Maxim, adsorption capacity Zhao et al., 
was detd. 70.6 mg/g at 18°C 1997 
and 12.2 mg/g at 32''C, both 
at pH 2. 
Both bentonites and Smiechowski 
zeolites were able to et al., 1997 
remove Cr(III). 
Optimum condition for Balasubramn-
removal was 4h and pH 1.5 iun et al., 
respectively. 1998 
Sawdust 
carbon 
Cr(VI) 
Shell 
(Oyster) 
Coal flyash 
Cladophora 
species. 
Cd(II),Cu(II), 
Fe(II),Mn(II), 
Pb(II), Zn(II) 
Pb(II) 
Cu(II) 
With an initial concentr- Raji et al., 
ation of 100 mg/L at 60°C 1997 
and pH 2.5 the max. 
removal was 49.8 mg/L. 
treatment of exhausted C 
with 0.1 M NaOH removed 
87.2% of adsorbed Cr. 
Preference of adsorpt. of Lee et al., 
heavy metals is in the order 1997 
of Mn(II) > Zn(II) > Fe(II) 
> Cd(ll) > Cu(II) > Pb(II). 
Adsorption follows first De, 1997 
order rate expression. 
Packed bed column with a Aksu et al., 
flow rate of 1.12 ml/min 1998 
was the optimum condition 
for removal. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Flyash 
Sugar beat 
pulp 
Copper 
impregnated 
saw dust 
carbon 
Cu(II),Pb(II), 
Zn(II) 
Cd(II).Ca(II), 
Cu(II),Ni(II), 
Pb(II), Zn(II) 
As(III) 
Waste flyash Cr(III) 
Equilibrium was attained in Gupta at al., 
4h . 1998 
In the presence of 0.1 M Dronnet et 
al NaNOs the max. amount of ' 
metal cation uptake was 
very rapid. 
As(III) uptake increased Raji et al., 
from 1.5% to 74% when pH 1998 
increased from 1 to 12 at 
30°C and 100 mgL"' concn. 
The spent adsorbent can be 
regenerated using 15% 
H2O2 in 0.2 M HNO3. 
Flyash treated with NaOH, Sarbak et al., 
HCl, EDTA found to be 1998 
effective for metal removal. 
Chitosan 
(CHT) 
Cr(VI) 
Acid-sandy 
soils 
Amorphous 
SiOz 
Cd(II) 
Cd(II) 
The optimum condition for Fu et al., 
1997 
removal was as follows: pH 
3-4, equil. time 10-12 h. 
The concentration was < 
60 mgL"'. S04^" interferes 
in adsorption. 
Optimum pH removal is 3.6 Wilkins et 
to 4.3. al., 1998 
Promising for Cd(II) removal. Kartasheva et 
al., 1998 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Natural 
zeolites 
Coconut 
shell 
Depectinated 
sugarbeat 
pulp 
Pb(II), Zn(II), 
Cd(II), Hg(II) 
Cd(II) 
Cr(VI) 
Hematite 
Marine 
diatom 
Cu(II) 
Cd(II) 
Australian Cd(II),Cu(II) 
Fly ash 
Pb(II) is strongly adsorbed 
but Zn(II) and Cd(II) are 
slightly adsorbed. 
Proved to be efficient for 
Cd(II) removal. 
Optimum contact time was 
60 min for an initial 
concentration of 10 mgL' ' 
Cr(VI) at 20gL"' adsorbent 
dose. Maximum removal 
(55%) was observed at 40°C. 
Desorption was quite low in 
acidic & neutral media. 
Max. adsorption of Cu(II) 
from aq. soln. takes place at 
p H 8 . 0 . 
The accumulation of Cd(II) 
to P. tricormutum was 
22.39 mgL"' after a day of 
exposure. 
Adsorption capacity incre-
ased as metal initial concn. 
decreases. 
Martnez et 
al. , 1997 
Espimola et 
al . ,1998 
Ozer et al. , 
1997 
Chakravarty 
et al . , 1998 
Torres et al. , 
1998 
Ayala et al., 
1998 
Blast Pb(II),Zn(II), Blast furnace sludge was Lopez et al. , 
furnace Cd(II),Cu(II), found to be effective 1998 
sludge Cr(III) adsorbent for Pb, Zn, Cd, Cu 
and CT removal. 
Cont inued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Hematite 
Activated 
carbon of 
hazelnut 
shell 
Peat 
Carbonized 
wood 
powder 
Cd(II) 
Sago waste Pb(II),Cu(II) 
Cr(III) 
Pb(II) 
Hg(II) 
The maximum removal was Singh et al., 
found to be 98% for Cd(II) 1998 
concn. 44-88 fimolL'' at a 
temp, of 20°C and pH 9.2 
with 40 gL"' of hematite of 
particle size < 200 ^m with 
agitation time 12S rpm after 
2 h. 
The most effective pH range Quek et al., 
was 4 - S.S for both metals. 1998 
The sago waste has a greater 
capacity for Pb (44.6 mgg"') 
than for Cu (12.4 mgg*'). 
Adsorption was max. at Ekinci et al., 
25''C with typical waste- 1998 
water containing 30 mgL'' 
Cr(III). 
The equil. capacity and Ho et al., 
initial sorption rate with the 1998 
effect of initial Pb(n) 
concn. and peat particle size 
and temp, was evaluated. 
Wood powder carbonized at Pulido et al., 
1000°C achieved the best 1998 
removal of heavy metals 
among the wood based 
materials. 
Continued. 
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Low-cost 
adsorbeat 
Metals 
removed 
Remarks References 
Calcium 
humate 
Filamen-
tous fungi 
Photofilm 
waste 
Pretreated 
biomass 
Ni,Cu,Cd, Hg, The adsorption capacity of Vodicka et 
Pb 
Ni(II) 
Ni(II) 
Cd(II) 
Activated 
calcium 
phosphate 
Organic 
waste 
materials 
Apple 
residue (AR) 
Pb(II) 
Cr(III) 
Cu(II),Pb(II) 
Cd(II) 
Ca humate for different al., 1998 
metal ions increased with 
increasing mol. wt. (i.e., Ni 
< Cu < Cd < Hg < Pb. 
Nickel accumulation by Mogollonet 
selected strains is fast al., 1998 
occuring in less than 
30 min. 
The percent adsorption Selvaraj et 
increased from 41-96 with al., 1998 
increase in pH from 3.S to 
7.0. 86% Of Ni(II) can be 
desorbed at pH 3.5. 
At soln. pH of 5, the max. Matheickal et 
adsorption capacity of the al.,1999 
pretreated biomass is 1.1 
mmolsg"', 90% adsorption 
takes place within 30 min. 
Removal reaches 98% under Cao et al., 
optimum conditions. 1998 
Barks from deciduous Duncan et 
species have high affinity al., 1998 
for Cr(III). 
AR as well as PAR showed Lee et al., 
higher selectivity for Pb 1998 
ions than Cu and Cd ions. 
Continued. 
43 
Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Bentonite 
Crab shell 
particles 
Flyash 
Magnetite 
Rice husk 
Cr(III) Complete recovery was 
possible with 20 mi of 
effluent with 7.5 g of 
bentonite. 
Pb(II) Approx. 99% of lead was 
removed within 2h after 
contact with crab shell . 
When crab shell dose 
increased from O.Sg to 
1.5 gL' ' removal efficiency 
improved to 99.8% at pH 2. 
Cr(III) Results indicated a decrease 
in initial Cr(III) concn. in 
wastewater from 150 to 
0.008 ppm. 
Pb(II),Cd(II) The adsorption was signi-
ficant even at low pH. 
Affinity for Cd(II) is 4 
times greater than Pb(II). 
Isaza et al. , 
1998 
Lee et al 
1998 
Pavas et al., 
1998 
Georgeaud et 
al., 1998 
Pb(II) 
Polyacrylamde Cr(VI) 
grafted 
sawdust (PGS) 
Max. adsorption was obsd. 
With 0.01 moldm"' acid 
soln. (HNO3, HCI, H2SO4 & 
HCIO4) using 1000 mg 
adsorbent. 
PGS is effective adsorbent 
for Cr(VI) removal. 
Khalid et al., 
1998 
Raji et al., 
1998 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Soil 
Chitosan 
Fire clay 
White rot 
fungi 
Pb(II) 
Ni(II),Cu(II), 
Cd(II),Hg(II) 
Pb(II) 
Ni(II) 
Microbial 
species 
Coir pith 
Zn(II) 
Hg(II) 
Pb(II).Ni(II), 
Cd(II),Cu(II) 
Different plant Cr(III), 
species Cr(VI) 
Bone charcoal Cr(VI) 
Bajpai et al., 
1999 
Adsorption increases with Lee et al., 
increasing pH between 3.0 1998 
and 8.5. 
Percentage of adsorption Xu et al., 
depends upon pH value of 1998 
the sample soln., mass and 
time. 
Sorption was highly 
dependent on temp, and 
adsorbate initial concen-
tration. 
Optimum pH for Zn 
adsorption was 6.5 
% removal increases when 
pH increases from 2 to 5 
and remained const, upto 
pH 11. Desorpt. is possible 
with HCl & KI soln. 
With P. versicolor the Yetis et al., 
adsorption capacity order 1998 
was Pb(II) > Ni(n) > Cd(II) 
> Cu(II) whereas order was 
Pb(II) > Cr(III) > Cu(II) = 
Cd(II) > Ni(II) for P. 
chrysosporium. 
Buck wheat was most Klieman et 
efficient species for al., 1998 
removal of metals. 
Chromium removal effici- Dahbi et 
ency >99%. al.,1999 
Nov et al., 
1998 
Namasivayam 
et al., 1999 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Chitosan 
Rhizopus Cu(II), Zn(II) The presence of Cu(II) and Sag et al., 
arrhizus Zn(II) together on biosorp- 1998 
tion of Cu(II) and Zn(II) 
have been investigated. 
Cd(II) The adsorption rate was > Tang et al., 
99.5% with the concent- 1998 
ration of Cd(II) < 40mgL' 
pH 6.8 and adsorption 
equil. time 24h. 
Maximum adsorption was 
noticed at pH 2 in 8 h with 
aCr(VI) soln. (100 mgL') . 
Leguminous crop seed can 
effectively remove the 
metals. 
Optimum biosorption pH 
had been detd. as 4.0 for 
Cu(Il) and 2.0 for Cr(VI). 
Removal of Cd (in a range 
of 8 days) varied from 86% 
to 96%. 
Polyacrylic Cr(VI) Cr(VI) retention was found 
acid to increase with pH. 
Desorption of Cr(VI) is 
possible under acidic 
conditions. 
Polymers Hg(II) > 90% of Hg may be Pederson et 
removed with 0.13 mlL'" al., 1999 
adsorbent. 
Rhizopus 
arrhizus 
Seeds of 
leguminous 
crops 
Chlorella 
vulgaris 
Cladophora 
Cr(VI) 
Cr(VI), 
Mo(VI), 
W(VI) 
Cu(II),Cr(VI) 
Cd(II) 
Merrin et al., 
1998 
Voropanova 
e ta l . , 1999 
Aksu et al., 
1999 
Sobhan et al., 
1999 
Heitz et al., 
1999 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Wood powder 
carbonized at 
high tempera-
ture 
Different 
adsorbents 
Hg(II) The carbonization tempera- Pulido et al., 
ture that provides wood 1998 
powder with high removal 
capacity ranged from 
600°C- 1400°C. 
Cr(VI) 96% removal of Cr(VI) was Samantaroy 
possible with adsorbents et al., 1998 
like Kendu fruit gum 
(KGD), Drum stick gum 
dust (DGD), green peas 
skin dust (GPSD). 
Preference sequence of Yuan et al., 
adsorption was Pb(II) > 1999 
Cu(II) > Cd(II) > Zn(II) for 
modernite and Pb(II) > 
Cu(II) > Zn(II) > Cd(II) for 
clinoptiloli te. 
Pretreated Pb(II), Cu(II) Effective adsorbent for Matheickal 
biomass removal of both metals. etal., 1999 
Pergilus niger As( in) ,Pb(II) Pretreated biomass by Kapoor et al., 
Cd(II),Cu(II), boiling in O.IN NaOH soln. 1999 
Natural 
zeolites 
Pb(II),Cu(II), 
Cd(II), Zn(II) 
Ni(II) 
Lignin Cr(VI), 
Cr(III) 
for IS min exhibited higher 
Pb(II), Cd(II) and Cu(II) 
removal capacity than live 
biomass. Biosorbed metal 
ions were effectively eluted 
with 0.05N HNO3 soln. 
Removal upto 63% Cr(VI) Lalvani et 
and 100% from aq. solns. al. , 2000 
Continued. 
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Low-cost 
adsorbent 
Natural 
bentonite 
Coniferous 
leaves 
Metals 
removed 
Remarks References 
Hydrotalcite Cr(VI) The extent of adsorption Manju et al., 
decreases from 23.2mg to 1999 
4.9mg with increase in pH 
from 2 to 10. About 95.7% 
of Cr(VI) can be desorbed 
from adsorbent with 0.01 M 
NaOH. 
Cd(II), Zn(II) Has high affinity for Cd(II) Xia et al., 
and Zn(II) resp. pH is an 2000 
important factor. 
Cr(VI) The adsorption data were Aoyama et 
well fitted to Freundlich al., 1999 
isotherm. 
Coconut husk 
Flyash and 
Flyash/ lime 
Hg(II) A max. of 99.4% with 2g of Sreedhar et 
adsorbent per litre was al., 2000 
obsd. at 125 fimol Hg(II) 
concn. at pH 6.0. 
Cu(II), Zn(II) The higher removal effecti- Ricou et al., 
Pb(II) veness was achieved by 1999 
using lOOgL'' of adsorbent 
with 20% mass of lime at 
pH 5. 
Black locus 
leaves 
Cr(VI) Max. removal at pH 3. Aoyama et 
Adsorption increases with al., 1999 
temperature. 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Spent grain Cd(II),Pb(II) Max. sorption capacities of Low et al., 
17.3 and 35.5 mg/g of 1999 
Cd(II) and Pb(II). Equil. 
attained in 120 min. 
Hazelnut shell Cr(III) 
Granular 
activated 
carbon 
Coniferous 
leaves 
Wood 
Natural 
organic 
materials 
Adsorption depends both on Chen et a!., 
pH and surface loading. 2000 
More Cr(III) were removed 
than Cd(II) & Zn(II). 
Cd(II), Cu(II) Adsorption increases with Gabaidon et 
pH. al., 2000 
Cr(VI) 
Cd(II),Co(II), 
Cu(II),Ni(n), 
Pb(II),Zn(II) 
Cr(VI) 
Amount of Cr(VI) adsorbed Aoyama et 
on the adsorbent increased al., 2000 
steadily with increasing pH 
ranging from 2 to 5. 
Six species of powdered Kurozomi et 
wood were examined. The al., 2000 
wood considerably varied 
in adsorption ability. 
Wood saw dust of popular, Sciban et al., 
willow, oak, locust, fur was 2000 
used as adsorbent. It was 
found that sufficient 
contact time for Cr(VI) 
adsorption was 3 h and high 
adsorption at pH 2 was 
achieved. 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Citrus 
reticulata 
Phytomass of 
Quercus ilex 
L. (holly oak) 
Cork and 
Yohimbe bark 
Soyabean 
hulls modified 
with Citric 
acid 
Waste egg 
shell 
Rice straw 
Ni(II) 
Ni(II),Cd(II), 
Pb(II),Cu(II), 
Cr(III) 
Cu(II),Ni(II) 
Cd(II),Cu(II), 
Ni(II),Pb(II), 
Zn(II) 
Cd(II) 
Adsorption follows first Ajmal et al., 
order kinetics. Process is 2000 
endothermic. Max. adsorpt-
ion of 96% at SO^C for an 
initial concn. of 50 mgL"' 
at pH 6. 
The potential of holy oak Prasad et al., 
phytomass from stem, leaf 2000 
and roots as an adsorbent 
was investigated. 
Metal uptake showed a pH Villaescusa 
dependent profile. Max. et al., 2000 
adsorp. for both metals 
occurred at pH 6-7. 
Have excellent metal remo- Marshall et 
val properties and can be al., 2000 
considered as a product 
with possible commercial 
poten-tial for metal 
remediation. 
Adsorpt. increased with Kuh et al., 
increasing reaction time, 2000 
amt. of egg shell, temp, and 
pH. Adsorption follows 
Fruendlich model and is 
endothermic. 
Cr(VI) Efficient for Cr(VI) removal. Samanta et 
al., 2001 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Modified 
cellulosic 
adsorbent 
Sawdust 
Activated 
charcoal 
Barks 
Sawdust 
(Sagon) 
Kyanite 
Cd(II),Cu(II), 
Pb(II),Ni(II), 
Zn(II) 
Cr(VI),Cd(II) 
Cu(II),Pb(II), 
Ni(II), Zn(II) 
The amt. of metal ions Ikhuoria et 
removed from solution al., 2000 
depended on the metal ion 
type and the ionic size of 
the metals. 
A heavy metal contg. Jong et al., 
wastewater is treated with 2000 
sawdust selected from an 
oak tree, a pine tree, an 
alder, an acacia and a larch. 
Cu(II),Hg(II) 
Cd(II) 
The assistance rendered by Sivasamy et 
EDTA is efficient for , -„„„ 
al. , zOOO 
removal of heavy metals 
such as Cu(II), Hg(II) and 
Cd (II). 
Cu(II),Cr(VI) Eucalyptus bark was more Tiwari et al., 
efficient in removal of both 2001 
metals than Cassia fistulla 
bark. Pretreatment with 1% 
NaOH improved the adsor-
ption capacity. 
More than 95% of Cr(VI) Srivastava 
ions were removed by et al., 2000 
substrate from chromium 
solution. 
Cr(VI) 
Cu(U) Column operation was more Ajmal et al., 
effective than the batch 2002 
process. 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Bidi leaves 
Agricultural 
byprodcts 
Carbonized 
bark 
Ash particles 
from oil palm 
waste 
Elvanite 
Phosphate 
treated rice 
husk 
Activated and 
nonactivated 
Oak shells 
Cr(VI) 
Cr(VI) 
Cd(II),Cu(II), 
Pb(II),Ni(II), 
Zn(II) 
Zn(II) 
Pb(II),Cu(II) 
Zn(II),Cd(II) 
Cd(II) 
Cu(II) 
The leaf chips were 
grounded and treated with 
0.2 N H2SO4 and form-
aldehyde at 50°C for 6 h 
and dried. Adsorption was 
enhanced by temperature 
increase. 
The Methi stem were 
studied for the adsorption 
of Cr(VI) from wastewater. 
Adsorbent showing high 
metal efficiency at low-
cost. 
The equil. uptake of zinc 
was found to increase with 
soln. pH in the range of 
3-6. 
Adsorption efficiency is 
maximized at pH of 
4 .5-8 .8 . Adsorption occurs 
by ion-exchange. 
Adsorpt. dependent on 
contact time, concn., temp., 
adsorbent dose and pH of 
solution, follows Langmuir 
equation. 
The Cu(II) uptake by Oak 
shells increased with decre-
asing sorbent concn. or 
with increase in soln. pH. 
Srivastava et 
al., 2001 
Farooqui et 
al. , 2002 
Lee et al., 
2002 
Chu et al., 
2002 
Kang et al., 
2001 
Ajmal et al., 
2003 
Al-Asheh et 
al. , 2003 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Rhodotoru-la 
glutinis 
Magnetic 
adsorbents 
Amasya 
zeolites from 
Turkey 
Rice bran 
Activated 
carbon 
obtained from 
furfural 
Corncob 
Pb(II) 
Cd(II),Cu(II), 
Pb(II),Ni(II), 
Zn(II),Fe(II) 
Pb(II) ,Zn(II) 
Kirsten et al., 
2003 
Beyazit et 
al., 2003 
Cd(II).Cu(II), 
Pb(II),Ni(II), 
Zn(n) 
Hg(II) 
Cr(VI) 
Within 10 min of contact Cho et al., 
time, Pb(II) sorption 2003 
reached ~ 80%. Optimum 
pH for Pb(II) was 4.5-5.0. 
Suitable adsorbents include 
magnitite, machiemite, geo-
thite or ferrites. 
Study showed that at low 
metal concn. the zeolite 
samples exhibit optimum 
efficiency at metal concn. 
-22 mg/L for both Pb^^ 
and Zn^*. Both metals can 
be removed with -100% 
efficiency. 
At pH 5, all studied cations 
have recoveries > 93% 
(Pb(II) and Cd(II) 100%). 
Hg(II) adsorption follows 
both Langmuir and Freu-
ndlich isotherms. Hg(II) 
uptake increases with 
increasing pH. 
Almost 100% removal of Nigam and 
Cr(VI) was observed in all Rama 2002 
the cases. 
Farajzadeh et 
al., 2003 
Yardim et al., 
2003 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Living and 
lyophilized 
cells of 
Sphaerotilus 
natus 
Nitzschia 
closterum 
S. cerevisiae 
Biomass 
Sargassums 
sp. 
Rice husk 
Cu(II),Cd(II) 
Pb(II) 
Pb(II),Ni(II) 
Cr(VI) 
Hg(II) 
Results show that pH plays Lodi et al., 
an important role in the 2001 
process of heavy metal re-
moval. Removal was higher 
for living biomass than for 
lyophilized one. 
Pb(Il) adsorption efficiency Li et al., 
benefited from the light 2002 
intensity. pH was not an 
important factor of Pb^^ 
adsorption. Removal was 
over 60% at pH 5-9 . 
The results indicate that Ozer and 
biosorption of Pb(II), Ni(II) Ozer, 2003 
and Cr(VI) ions to S. 
cerevisiae is by physi-
sorption and has an 
exothermic nature. 
It was possible to remove Sorbal et al., 
> 99% of the ionic Hg(II). 2003 
Cu(II),Cd(II), Rice husk ash, esp. heated Doner and 
Pb(II) at 300°C could be used as Akman, 2003 
an efficient and inex-
pensive adsorbent for the 
removal of some toxic 
heavy metals from polluted 
wastewater. 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Edible 
mushroom. 
Cd(II) 
Cellulose graft Pb(II),Cu(II), 
copolymer Cd(II) 
Olive husk Cd(II).Cu(II), 
Pb(II), Zn(II) 
Bagasse fly 
ash 
Zn(II) 
The max. adsorpt. capacity 
of A. biosporus and L. 
edodes for uptake of Cd(II) 
from aq. soln. was 2.08 and 
0.716 mg/g resp. Equil. 
time was found to be 6 and 
1 h for A. biosporus and 
L. edodes respectively. 
Adsorption by both 
mushrooms followed the 
Freundlich isotherm. 
The adsorpt. of metal ions 
from their aq. acetate soln. 
by the swollen graft 
copolymer was completed 
(92- 99%) within 15 min. 
Adsorption of Pb and Cu 
preferred over Cd. 
Metal sorption capacity of 
the husk was in sequence of 
Pb(II) > Cd(II) > Cu(II) > 
Zn(II). 
Zn(II) removal was 100% at 
low concn.; it was 60 -
65% at higher concns. at 
optimum pH of 4.0, using 
10 g/L of adsorbent in 6 - 8 
h of equilibration time. 
Methialagan 
et al., 2003 
Cavus et al., 
2003 
Volpe et al., 
2003 
Gupta and 
Sharma 2003 
Continued. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Sheep manure Cu(II),Cd(II) 
Bagasse fly 
ash 
Cd(II), Ni(II) 
Distillery 
sludge 
Cr(VI) 
Baker 's yeast Ni(II) 
Cocoa shells Pb(II) 
Max. uptake for lOOppm 
Cu(II) and 100 ppm Cd(II) 
ions were found to be 17.8 
mg/g and 10.8 mg/g resp. 
Equil. was attained within 
first 10 min. 
As much as 90% removal of 
Cd(II) and Ni(II) is 
possible in about 60 and 80 
min resp. Max. adsorption 
of Cd and Ni occurred at a 
concn. of 14 and 12 mg/L 
and a pH of 6.0 and 6.5 
resp. 
Data obeyed Langmuir and 
Freundlich adsorption 
isotherms. Desorption stud-
ies indicate the removal of 
Cr(VI) was 82%. 
Equil. data could be fitted 
by Langmuir isotherm 
model. The adsorpt. 
capacity was pH dependent 
with a max. value of 11.4 
mg/g at a pH of 6.75. 
Pb uptake by cocoa shells 
is controlled by ion-
exchange reactions with 
Ca/Mg ions and protons. 
Kandah et 
al. , 2003 
Gupta et a!., 
2003 
Selvaraj et 
al., 2003 
Padmavathy 
et al. , 2003 
Meunier et 
al. , 2003 
^^0^^^r 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Pencillium Cr(VI) 
purpurogenum 
Bagasse 
Cr(VI) adsorpt. capacity Say et al., 
increases with time during 2004 
first 4 h and then leveled 
off towards equilibrium. 
Cr(VI),Ni(II) The order of selectivity Rao et al., 
Cu(II), Pb(II) was: Pb(II) > Cr(VI) > 2003 
Ni(Il)>Cu(II). 
Sewage sludge Cd(II), Ni(ll) Adsorption capacity calcd. Zhai et al., 
from Langmuir isotherm 2004 
was 16, 19 mg/g for Cd(n), 
and Ni(n) resp. at the initial 
pHof 5.8 at25°C. 
Wheat bran Cr(VI),Ni(II) Adsorption equilibrium was Farajzadeh et 
Cu(II), Pb(II) achieved in ~ 10 min for all al., 2004 
studied cations. More than 
82% of studied cations, 
except Ni(II) were removed 
from aq. soln. in single 
step. 
Tea industry Cu(ll), Cd(ll) May be used effectively in Cay et al.. 
waste 
Sporopollenin Cd(II) 
removal of Cu(II) and 2004 
Cd(ll) from aq. systems for 
environmental cleansing 
purposes. 
Sporopollenin, a polymer Arslan et al., 
from Lycopodium clavatum 2004 
was used as an adsorbent. 
An adsorpt. time of 45 min 
was sufficient to reach 
equilibrium. 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Heat activated 
bauxite 
Cr (VI) 
Treated wheat 
bran 
Cr(VI) 
Japanese Cedar 
bark 
Calcined 
phosphate 
Cr(VI) 
Pb(II),Cu(II) 
Zn(II) 
Fly ash Hg(II) 
Hydrous 
Titanium (IV) 
oxide 
Cr(III), 
Cr(VI) 
Biosolids Zn(II) 
Was found to be weaic 
adsorbent for Cr(Vl) 
removal. Max. adsorpt. of 
64.9% at pH 2. 
The sulphuric acid treated 
wheat bran (STWB) gave 
the highest adsorption 
efficiency at pH 1.5. 
Efficient adsorbent for the 
removal of Cr(VI) from 
wastewater. 
The adsorption capacity 
obtained at pH 5 were 85.6, 
29.8 and 20.6 mg/g for 
Pb(II), Cu(II) & Zn(ll) resp-
ectively. 
Results indicate that 
complete equilibrium was 
not attained even after 1 
month. 
Excellent sepn. efficiency 
of Cr(III) and Cr(VI) was 
obtained at pH 2. 
Adsorption percentage of 
Cr(VI) was > 99% , 
whereas that of Cr(III) was 
< 1% at this pH. 
Biosorption capacities were 
dependent on Zn(II) soln., 
pH with 4 being optimal. 
Erdem et al., 
2004 
Ozer and 
Ozer, 2004 
Aoyama et 
al. , 2004 
Aklil et al. 
2004 
Schroeder et 
al., 2004 
Tel et al. , 
2004 
Norton et al., 
2004 
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Low-cost 
adsorbent 
Metals 
removed 
Remarks References 
Coconut shell Hg(II) 
based activated 
carbon 
Corncobs 
Agricultural 
byproducts 
Chinese reed 
(Micanthussine 
nsis) 
Dolomitic 
sorbent 
Pb(II) 
Coconut oil Hg(II) 
cake residue 
Hg(II) uptake increased Goel et al., 
from 72 to 100% with 2004 
increasing pH from 2 to 
10. 
Adsorption capacity of Wang et al., 
lead on corncob increased 2004 
with increasing initial 
concn., pH values and 
decreased with increasing 
Ca^* and Mg^* concent-
ration. 
Almost 95% removal of Vijayakumari 
10 mg/L Hg(II) by 2 g of and 
adsorbent per L of aq. Srinivasan, 
solution was observed in 2004 
the pH range 4 - 7 . 
Pb(Il),Cd(II) Agricultural byproducts Meshram et 
Hg(n) ,Cu(II) like orange, banana, pome- al. , 2004 
granate, apple, chikoo, 
sweet lime were used in 
their natural state as 
adsorbents. Adsorption 
increases with increase in 
concn. of metal ions. 
Cr(III) 
Cu(II) 
Equilibrium adsorpt. data Namasivayam 
followed both Freundlich and Holl, 
and Langmuir isotherms. 2004 
Process can be described Walker et al. , 
by an elementary second 2004 
order chemical reaction. 
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Recent literature survey shows that so far, no work has 
been done for the removal of heavy metals from wastewater using 
low cost adsorbents like bark of Pinus roxburghii and bark of 
Cedrus deodara. Keeping this view in mind, it has been decided 
to investigate the adsorption properties of these low cost 
adsorbents for the removal of toxic heavy metals from 
wastewater. Remarkable results were obtained from bark of Pinus 
roxburghii as an adsorbent, which has been discussed in 
Chapter-II of this dissertation. 
THE PROBLEMS 
The problems of this dissertation which deals with the 
"Studies on adsorption properties of low cost adsorbents" has 
been divided into two chapters. 
Chapter-I: Deals with the General introduction containing 
(i) Environmental pollution, (ii) Classification of environmental 
pollution, (iii) Heavy metal pollution, (iv) Sources of heavy 
metal pollution i.e., geological weathering, industrial effluents, 
mining effluents, domestic effluents, urban storm water runoff, 
(v) Treatment technologies for wastewater treatment containing 
heavy metals, (vi) Theoretical aspects of adsorption and at last 
(vii) The survey of literature on adsorption using low cost 
adsorbents for removal of heavy metals from wastewater. 
60 
The knowledge on the basis of survey of literature on low 
cost adsorbents was important for building a sound background to 
carry out the research for the treatment of wastewater using bark 
of Pinus roxburghii as a low cost adsorbent. 
Chapter-II: Removal and recovery of Cr (VI) from synthetic and 
industrial wastewater using bark of Pinus roxburghii as an 
adsorbent. 
Studies on adsorption properties of low cost adsorbents 
Chapter-II 
Removal and recovery of Cr (VI) from 
synthetic and industrial wastewater 
using bark of Pinus roxburghii as an 
adsorbent. 
61 
INTRODUCTION 
With the increase in water pollution as a result of enhanced 
industrial activities, the problem of removing pollutants from 
wastewater is growing day by day. Pollution by heavy metals is 
currently of great concern due to the increased awareness of the 
potentially hazardous effects of elevated levels of these materials 
in the environment. The important toxic metals i.e. Cr, Cu, Ni, 
Zn, Cd, Pb finds its way to the water bodies through wastewater 
from metal plating industries, leather industries, pulp and paper 
mills, refineries, steel work foundries etc. 
Chromium, which is a highly reactive metal has found 
widespread use in electroplating, leather tanning, metal finishing 
and textile industries (Ajmal et al., 1996). Normally industrial 
waste contain both hexavalent and trivalent forms of chromium. 
However, Cr(VI) is more hazardous to biological activities. 
Cr(VI) compounds are carcinogenic and corrosive on tissue and 
its long term exposure causes nausea, skin sensitization and 
kidney damiage (Metcalf and Eddy, 2003 ). 
Heavy metals present in wastewater are usually removed by 
reduction, microfilteration, precipitation, reverse osmosis, 
evaporation and ion-exchange methods. However, most of these 
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methods suffer from some drawbacks such as high operational 
cost or the residual metal sludge disposal problem. In the recent 
years the adsorption technique has received a great deal of 
attention for the removal and recovery of heavy metals from 
solution as it has been found to be cheap, highly effective and 
easy method for the treatment of effluents bearing heavy metals. 
Several low cost adsorbents like bark remnants of 
Eucalyptus and Cassia fistula (Tiwari et al., 2000), rice straw 
(Samanta et al., 2000), saw dust (Srivastava et al., 2000), 
agricultural byproducts (Farooqui and Kotharkar, 2001), bidi 
leaves (Srivastava et al., 2001), composite chitosan (Boddu et al., 
2003), polymer chitin and deacetylated chitin (Satish and 
Shrivastava, 2004), Japanese cedar bark (Aoyama et al., 2004) 
have been used earlier for the removal of Cr(VI) from aqueous 
solutions and industrial wastes at solid-solution interface. In our 
laboratory phosphate treated sawdust (Ajmal et al., 1996) has 
been used earlier for the removal of Cr(VI) from electroplating 
wastes. 
In the present study, the ability of bark of Pinus roxburghii 
for the removal and recovery of Cr(VI) from synthetic and 
industrial wastewater has been explored. 
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MATERIAL AND METHODS 
2.1 ADSORBENT: 
Bark of Pinus roxburghii (Himalayan long-leaf pine) were 
collected from one of the joinery mills at Anantnag in Jammu and 
Kashmir state (India), where they are available in abundance as a 
waste material, having no economical applications. The collected 
material was washed, dried and powdered. The powdered material 
was then washed with double distilled water to remove the 
adhering dirt and finally dried in an air oven at 60-65°C for 8 h. 
After drying the adsorbent was sieved (44-240 Mesh screens) and 
kept stored in desiccator till use. 
2.2 ADSORBATE SOLUTION: 
All the chemicals used were of analytical grade. The Cr(VI) 
stock solution (1000 mgL"') was prepared by dissolving 
potassium dichromate (Merck) in double distilled water. All the 
working solutions were prepared by diluting the stock solution 
with distilled water. Solutions of the other metal ions were 
prepared (1000 mgL"') by dissolving their chlorides or nitrates in 
double distilled water. 
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2.3 APPARATUS: 
The Atomic Absorption Spectrophotometer (model GBC 
902) was used for the determination of concentration of various 
metal ions in solutions. The pH and conductivity of the solutions 
were measured with pH meter and coductometer (Elico, USA). 
2.4 ADSORPTION STUDIES: 
Batch adsorption experiments were carried out by treating 
50 ml aqueous solutions of Cr(VI) of different concentrations 
(10 mgL"'- 100 mgL"') with 0.5 g of the adsorbent of 44 Mesh 
screen (355 (im) for different contact times (10 min to 24 h) at an 
initial solution pH of 6.5 and temperature 30±1*'C in conical 
flasks using a temperature controlled shaker. The study of 
adsorbent doses was carried out by varying the amount of 
adsorbent (0.2 g - 2 g). At the end of the predetermined time 
interval the adsorbent was removed by filtration. The filtration 
was carried out under reduced pressure using Buchner funnel and 
a filter pump. The equilibrium concentration was determined in 
the filterate by an atomic absorption spectrophotometer (model 
GBC 902) using an air acetylene flame. The amount of metal ion 
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adsorbed per unit mass of adsorbent was obtained using the 
equation: 
, - ( C , - C , ) K 
m 
where qe is the mass of adsorbate (metal ion) adsorbed per 
unit mass of adsorbent (mg adsorbate/g adsorbent), Cj is the 
initial concentration (mgL"') of metal ion in solution, Ce is the 
equilibrium concentration (mgL'') of metal ion in solution, V is 
the volume in liters and m is the mass of adsorbent in grams 
(Metcalf and Eddy 2003). 
2.5 EFFECT OF pH: 
The effect of pH on the adsorption of Cr(VI) was studied 
as follows: 100 ml Cr(VI) solution (50 mgL"') was taken in a 
beaker and the desired pH of the solution was adjusted by adding 
dilute solutions of HCl or NaOH. The concentration of Cr(VI) in 
this solution was then determined. An aliquot (50 ml) of this 
solution was taken in a conical flask and treated with 0.5 g of 
adsorbent. After equilibrium the final concentration of Cr(VI) 
was determined using AAS. 
2.6 ION SELECTIVITY AND COUNTER ION STUDY: 
For this study, 50 ml solution containing 50 mgL'' of metal 
ions Cr(VI), Cu(II), Ni(II), Cd(II), Zn(II) was treated with 0.5 g 
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of the adsorbent of 44 Mesh screen (355 i^m) in a conical flask 
for 24 h. The solution was then filtered and filtrate was analyzed 
for each metal ion using AAS. 
2.7 DESORPTION OF Cr(VI): 
The desorption studies of Cr(VI) were conducted by batch 
as well as by column process under similar conditions. An aliquot 
(50 ml) of the sample containing 50 mgL'' Cr(VI) was treated 
with 0.5 g of adsorbent for 24 h at pH 3. The solution was then 
filtered and filtrate was analyzed for Cr(VI). The adsorbent was 
then transferred to another conical flask and treated with 50 ml of 
0.1 M HCl solution. It was then filtered after 24 h and the 
concentration of the desorbed Cr(VI) was determined in the 
filtrate. 
The column studies were conducted using 0.5 g of 
adsorbent in a glass column (0.6 cm in diameter) with a glass 
wool support. The adsorbent was washed with double distilled 
water and 50 ml solution (pH 3) containing 50 mgL'' of Cr(VI) 
was passed through the column. The solution was recycled 
several times until the effluent showed an absence of Cr(VI) ions. 
The Cr(VI) adsorbed was then eluted with 0.1 M HCl solution at 
a flow rate of 1 mlmin"'. The eluted Cr(VI) was collected and the 
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concentration was then determined by atomic absorption 
spectrophotometer. 
2.8 RECOVERY OF Cr(VI) FROM INDUSTRIAL WASTEWATER: 
The removal and recovery of Cr(VI) from industrial 
wastewater was carried out by batch as well as by column 
operations. A sample (50 ml) of the wastewater was placed in a 
conical flask and its pH was adjusted to 3 and then treated with 
0.5 g of adsorbent. The removal and recovery was carried out as 
described above. 
In another experiment, 50 ml of the wastewater was taken 
in a beaker and the pH was adjusted to 3. This solution was 
passed through the column containing 0.5 g of adsorbent. The 
removal and recovery of Cr(VI) was carried out as mentioned 
above. 
RESULTS AND DISSCUSSION 
The adsorption capacity of bark of Pinus roxburghii for different 
metal ions at pH 6.5 is given in Table 2.1. Metal uptake capacity 
was found to be in the order: 
Cr(VI) > Zn(II) > Cu(II) > Ni(II) > Cd(II). 
The percent adsorption behaviour of these metal ions on 
the adsorbent is shown in Fig. 2.1. The maximum adsorption 
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capacity was found in case of Cr(VI) ions and therefore the 
detailed study was carried out only for this ion. 
2.9 EFFECT OF CONTACT TIME ON Cr(VI) ADSORPTION: 
The adsorption of Cr(VI) at different concentrations (20 
nigL''-100 mgL"') increases with increase in contact time. The 
percent adsorption versus time curve for each concentration (Fig. 
2.2) shows that equilibrium is attained in 1 h. The metal uptake 
versus time curve is single, smooth and continuous leading to 
saturation, suggesting the possible monolayer coverage of metal 
ions on the surface of adsorbent (Ajmal et al., 2001). 
2.10 EFFECT OF CONCENTRATION OF Cr(VI) UPON 
ADSORPTION: 
The concentration effect on the adsorption is shown in Fig. 
2.3. It is observed that the percent adsorption of Cr(VI) decreases 
with the increase in initial concentration of Cr(VI) from 10 mgL' 
' to 100 mgL"'. 
2.11 EFFECT OF TEMPERATURE ON Cr(VI) ADSORPTION: 
The batch study for the effect of temperature was carried 
out in a temperature range of 30°C-50°C. It is observed that 
adsorption of Cr(VI) increases with increase in temperature. 
Thermodynamic parameters such as standard free energy change 
(AG"), enthalpy change (AH") and entropy change (AS°) were 
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calculated using the following equations (Singh et al., 1988; 
Catena and Bright, 1989; Fraji et al., 1992). 
K, = ^ 
where Kc is the equilibrium constant, C^ is the equilibrium 
concentration (mgL"') of metal ion on the adsorbent and Ce is the 
equilibrium concentration (mgL'') of metal ion in solution. 
AG° was calculated from the equation: 
AG" = - RTlnKc 
where T is the temperature in Kelvin scale and R is a gas 
constant. 
AH" and AS"* were calculated from the following equation: 
AS° AH° 
InK, = R RT 
AH** and AS° were obtained from the slope and intercept of 
Van't Hoff plots of InKc versus 1/T (Fig. 2.4), Positive value of 
AH° (Table 2.2) suggests the endothermic nature of adsorption. 
The average enthalpy change (AH°) from SO C^-SO C^ is 13.60 
kJmol"' as calculated using the relation AG** = AH° - TAS° which 
is in good agreement with the average enthalpy change (AH** = 
13.61 kJmol'') as calculated from the slope of InKc versus 1/T 
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(Fig. 2.4). The negative value cf AG" indicates spontaneous 
nature of adsorption. The positive value of AS° shows the 
increased randomness at the solid-solution interface during the 
adsorption (Aoyama et al., 2004). The increase in adsorption 
capacity of powdered bark of Pinus roxburghii at higher 
temperature may be due to the enlargement of pore size or the 
activation of the adsorbent surface (Vishwakarma et al., 1989). 
The values of equilibrium constant (Kc) are also high at all 
temperatures and increases with rise in temperature (Table 2.2) 
showing endothermic process. 
2.12 ADSORPTION ISOTHERMS: 
The adsorption data has been analyzed in the light of 
Langmuir and Freundlich adsorption models. The Langmuir 
equation may be described as (Langmuir 1918): 
±=_L J_ _L 
where qe and q^ are the observed and maximum uptake 
capacities (mg adsorbate/g adsorbent) respectively, Ce is the 
equilibrium concentration (mgL"'), b is the equilibrium constant 
(Lmg"'). The Langmuir isotherm model is valid for monolayer 
adsorption on to surface containing finite number of identical 
sites. 
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The plot of 1/qe against l/Cg does not give straight line 
showing the inapplicability of Langmuir isotherm in the 
concentration range studied (20 mgL"' - 100 mgL''). 
The Freundlich equation may be described as: 
\nq^=-\nC, + \nKf 
n 
where Kf (mgg"') and n are Freundlich constants related to 
adsorption capacity and adsorption intensity (Freundlich 1926). 
The Freundlich equation is empirical based on sorption on 
heterogeneous surface. 
The linear plot of Inqe versus InC^ (Fig. 2.5) indicates that 
adsorption data follows the Freundlich isotherm for the 
concentration range of 20 mgL''-100 mgL'' at which the 
adsorbent is expected to be used under practical conditions. The 
correlation coe fficient (R^) was found to be 0.99, which indicates 
good positive relationship with the data and suggests the 
applicability of Freundlich model. Freundlich constants Kf and 
1/n have been calculated as Kf = 1.61 mgg"' and 1/n = 0.42. The 
value of 1/n indicates higher adsorption affinity at lower 
concentrations (Faust and Aly 1987). 
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2.13 EFFECT OF ADSORBENT DOSE: 
The adsorption densities (mgg"') and percent adsorption 
of Cr(VI) at different doses (0.2 g - 2 g) of bark of Pinus 
roxburghii are shown in Fig. 2.6. It is observed that percent 
adsorption of Cr(VI) increases from 63.4% to 100%, while 
adsorption density decreases from 7.93 mgg*' to 1.25 mgg ' when 
the adsorbent dose is increased from 0.2 g to 2 g. The decrease in 
adsorption density may be attributed to the fact that some of the 
adsorption sites remain unsaturated during the adsorption 
process, whereas the number of available adsorption sites 
increases by increasing the adsorbent doses and that results in the 
increase of removal efficiency (Sharma and Forster 1993). 
2.14 EFFECT OF pH: 
The effect of pH on Cr(VI) adsorption is presented in 
Fig. 2.7. The pH of the aqueous solution is an important 
controlling parameters in the adsorption process (Eliot and Haung 
1981). The percent adsorption increases as the initial pH of the 
solution is increased and maximum adsorption (96.2%) was 
observed at pH 3. However, the percent adsorption decreases 
when pH is increased from 3 to 5 and decreases further to 78.8% 
at pH 8. The material can therefore be used effectively at pH 3 
for the removal of Cr(VI) from wastewater. The maximum 
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adsorption of Cr(VI) in lower pH range has also been observed by 
many authors (Sharma and Forster 1993; Ajmal et al. 1996; 
Aoyama et al. 2004). 
2.15 EFFECT OF PARTICLE SIZE: 
The effect of particle size on adsorption is shown in Table 
2.3. Results show that adsorption of Cr(VI) increases with 
decrease in adsorbent particle size and the peak value was 
observed by finest particle of 240 Mesh screen (63 ^m), probably 
because of the large surface area available (Ajmal et al., 2001). 
2.16 EFFECT OF SALINITY AND HARDNESS: 
In order to utilize bark of Pinus roxburghii as an adsorbent 
for the treatment of wastewater, it is important to see the effect 
of various ions usually present in wastewater. Therefore, the 
adsorption of Cr(VI) was studied in presence of various ions, 
such as Na \ Mg^^ Ca^^ S04^', HCOj', C\\ etc. generally 
present in wastewater. These results are summarized in Table 2.4. 
It is evident from the results that presence of Na* ion has 
no significant influence on Cr(VI) adsorption while the presence 
of Ca^*, Mg^* ions (present in tap water) and the presence of 
HCO3" and S04^' ions lead to slight decrease in Cr(VI) 
adsorption. 
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2.17 ION SELECTIVITY AND COUNTER ION STUDY: 
Fig. 2.8 shows the adsorption percentage of heavy metal 
ions i.e. Cr(VI), Zn(II), Cu(II), Ni(II) and Cd(II) from a solution 
(50 ml) containing an equal amount (50 mgL'') of each metal ion 
on powdered bark of Pinus roxburghii. This study was performed 
to determine the selectivity of adsorption of the above mentioned 
metal ions on the adsorbent and also to investigate the effect of 
adsorption of Cr(VI) in the presence of other metal ions in 
solution, which are usually present in wastewater. It is evident 
from Fig. 2.1 and Fig. 2.8 that adsorption of Cr(VI) as well as 
that of Cu(II) and Cd(II) is enhanced in the presence of other 
metal ions, whereas the adsorption of Zn(II) and Ni(II) is 
suppressed by the presence of other metal ions in solution. The 
selectivity of adsorption of these metal ions on the adsorbent has 
been found to follow the order Cr(VI) > Cu(II) > Cd(II) > Zn(II) 
« Ni(II). Thus the metal ion best adsorbed is still Cr(VI). 
2.18 DESORPTION STUDIES: 
The adsorption of Cr(VI) on powdered bark of Pinus 
roxburgjhii is highly pH dependent. Therefore, its desorption is 
possible by controlling the pH. The desorption of Cr(VI) starts 
when a solution of 0.1 M HCl solution is passed through the 
column. The desorption is fast and 87.2% Cr(VI) could be eluted 
75 
in 50 ml of effluent from the column. However, the desorption of 
Cr(VI) by batch process is slow and incomplete. The desorption 
of Cr(VI) from a solution containing 50 mgL* Cr(VI) in a batch 
process was found to be 71.5% (Table 2.5). 
2.19 REMOVAL AND RECOVERY OF Cr(VI) AND OTHER 
METAL IONS FROM INDUSTRL\L WASTEWATER: 
Powdered bark of Pinus roxburghii as an adsorbent was 
utilized for the removal and recovery of Cr(VI) and other metal 
ions from industrial wastewater by batch process and column 
operation. The analysis of industrial wastewater collected from a 
company (Link Locks Manufacturing Company India Ltd.) at 
Aligarh (India) was carried out in our laboratory and results are 
shown in Table 2.6. The adsorbed metal ions were recovered with 
0.1 M HCl solution. These results are summarized in Table 2.7 
(batch process) and in Fig. 2.9 (column operation). The results 
showed that the removal and recovery of Cr(VI) by column 
operation is much higher (85.8%) as compared to the batch 
process (65%). 
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CONCLUSION 
The bark of Pinus roxburghii is available in abundance in 
Kashmir province of Jammu and Kashmir state, India. It was 
explored for its ability to adsorb heavy metal ions Cr(VI), Cu(II), 
Ni(II), Cd(II) and Zn(II) from synthetic and industrial 
wastewater. Adsorption studies show that metal uptake capacity 
of the material for these heavy metal ions is in the order of 
Cr(VI) > Zn(II) > Cu(II) > Ni(II) > Cd(II) from aqueous 
solutions. Detailed studies were carried on the adsorption of 
Cr(VI) using powdered bark of Pinus roxburghii as an adsorbent. 
Adsorption studies show that: 
1. Equilibrium was attained in Ih and the adsorption of Cr(VI) 
decreases with increase in initial Cr(VI) concentration. 
2. The experimental data follows Freundlich isotherm in the 
Cr(VI) concentration range of 20 mgL'* to 100 mgL''. 
3. The adsorption of Cr(VI) is pH dependent and maximum 
removal occurs at pH 3. The material can thus be used 
effectively at pH 3 for the removal of Cr(VI) from wastewater. 
4. The adsorption increases with decrease in particle size of 
adsorbent. 
77 
5. The study of efficiency of adsorbent for Cr(VI) removal in 
presence of ions like N a \ Ca^\ Mg^\ HCOj', S04^- and heavy 
metal ions like Cu(II), Zn(II), Ni(II) and Cd(II) (usually 
present in wastewater) show that presence of Na^ ion have no 
significant influence on Cr(VI) adsorption and the presence of 
Ca^\ Mg^^ HCO3' and S04^" ions lead to insignificant 
decrease in Cr(VI) adsorption. The presence of heavy metal 
ions enhances the Cr(VI) adsorption. 
6. The utility of bark of Pinus roxburghii as an adsorbent has 
been demonstrated by removing Cr(VI) along with other metal 
ions from industrial wastewater. A concentration of Cr(VI) 
ions as high as 80 mgL"' in the wastewater can be reduced to 
7.7 mgL ' . The adsorbed Cr(VI) ions could be recovered with 
0.1 M HCl solution. However, the percent recovery of Cr(VI) 
is increased by column operation (85.8%) under similar 
conditions of elution. 
FUTURE PERSPECTIVE 
In the present study our main thrust area was to explore 
the adsorption properties of various low cost adsorbents. The 
second task was to study the extent of removal and recovery of 
heavy metals from electroplating wastewater, on-iabpratory scale 
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Now our next step is to apply these findings on industrial 
wastewater at large scale. 
In the next stage, the electroplating wastewater samples 
will be collected from various units and they will be analyzed in 
detail. The total volume of wastewater discharged per day from 
these units will be found out and then the total amount of 
adsorbent required will be calculated. The work will also be 
extended for the recovery of these metal ions so that they can be 
reutilized in the electroplating plants. 
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Table 2.1 
Adsorption capacity of bark of Pinus roxburghii for different 
metal ions* 
Metal ion Initial concentration Final concentration Adsorption 
Ci (mgL') C. (mgL*) capacity (mgg') 
Cr<VI) 
Cu(II) 
Ni(II) 
Cd(II) 
Zn(II) 
50 
50 
50 
50 
50 
8.5 
11.8 
14.7 
19.9 
11.1 
4.15 
3.81 
3.53 
3.01 
3.89 
''Conditions: Volume of solution = 50 ml, amount of adsorbem = 0.5 g, pH = 
6.5, temperature = 3011'C, contact time = 24 h. All values are mean of three 
independent observations. 
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Table 2.2 
Thermodynamic parameters for adsorption of Cr(VI)*. 
Temp Kc InK. AG" AH* AS° 
(•C) (kJmol') (kJmor') (kJK*mol ') 
30 4.88 1.58 -3.99 
40 5.94 1.78 -4.63 13.61 0.0581 
50 6.81 1.91 -5.15 
"Conditions: Contact time = 24 h. Initial concentration of 
Cr(VI)= 50mgL'', volume < 
three independent observations. 
of solution = 50 ml. All values are mean of 
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Table 2.3 
Effect of particle size on the adsorption process*. 
Mesh screen Amount of Cr(VI) Adsorption (%) 
AdsorbedfmgL"') 
52 (300 ^ m ) 41.9 83.8 
100 (150 urn) 42.0 84.0 
150 (106 urn) 42.2 84.4 
200 (75 urn) 42.3 84.5 
240 (63 nm) 42.5 85.0 
"Conditions: Initial concentration of Cr(VI) = 50 mgL"', volume 
of the solution = 50 ml, contact time = 24 h. Adsorbent dose = 
0.5 g, temperature = 30±1'*C. All values are mean of three 
independent observations. 
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Table 2.4 
Effect of various ions on removal of Cr(VI) using powdered 
baric of Pinus roxburghii as an adsorbent*. 
Salt added 
NaCl(lOOmgL') 
Na2SO4(100mgL-') 
NaHCOaClOOmgL') 
Tap water 
Distilled water 
Volume of 
the solution 
(ml) 
50 
50 
50 
50 
50 
Amount of 
Cr(VI) adsorbed 
(mgL') 
41.8 
40.7 
40.0 
40.4 
41.5 
Adsorption 
(%) 
83.6 
81.4 
80.0 
80.8 
83.0 
'Conditions: Initial concentration of Cr(VI) in each solution = 50 
mgL'', volume of the solution = 50 ml., temp. = 3 0 ± r c , time = 
24 h, adsorbent particle size = 44 Mesh screen (355 i^m). All 
values are mean of three independent observations. 
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Table 2.5 
Removal and recovery of Cr(VI) from synthetic was tewater by 
batch process*. 
Metal Initial Amount Adsorption Amount Recovery 
concentra- adsorbed (%) recovered (%) 
tionfmgL'*) (mgL'*) (mgL' ) 
Cr(VI) 50 48.1 96.2 96.2 71.5 
^Conditions: Volume of the solution = 50 ml, adsorbent dose = 
0.5 g, temperature = 3 0 ± r C , pH = 3, contact time = 24 h. All 
values are mean of three independent observations 
Table 2.6 
Analysis of industrial wastewater. 
Conductivity 
Cr(VI) 
Cu(II) 
Ni(II) 
2n(II) 
Cd(II) 
Mn(II) 
Pb(II) 
pH 
144 mScm 
80 mgL" 
6 mgL 
35 mgL' 
10 mgL" 
0 mgL" 
1 mgL" 
0 mgL" 
6.8 
- I 
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Table 2.7 
Removal and recovery of metal ions from industrial wastewater by a 
batch process'. 
Metal 
ion 
Cr(VI) 
Cu(II) 
Ni(II) 
Zn(II) 
Initial 
concentration 
(mgL') 
80.0 
6.0 
35.0 
10.0 
Amount 
adsorbed 
(mcL') 
72.3 
6.0 
22.0 
7.0 
Adsorption 
(•/.) 
90.4 
100 
62.8 
70.0 
Amount 
recovered 
(mgL*) 
47.0 
1.5 
14.0 
1.8 
Recovery 
(%) 
65.0 
25.0 
63.6 
25.7 
"Conditions: Volume of wastewater = 50 ml, adsorbent dose = 0.5 
g, temperature = 30±1°C, pH = 3, contact time = 24 h. All values 
are mean of three independent observations. 
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Fig.2.1 Adsorption of different metal ions 
on powdered bark of Pinus roxburghii at 
pH 6.5. 
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Abstract 
In the present study, the potential of baik of Pinus roxburghii as an adsorbent 
for the removal of heavy metals such as Cr<Vl), Ni(II)> Cu(II), Cd(IIX and Zn(II) from 
aqueous soludoa at ambient ten^>erature was investigated. Adsorption of metal ions 
followed the order Cr(VI) > Za(U) > Caljl) > Ki(JI) > Cd(U). The effect of 
concentration, contact time, adsorbent dose, tempoature, solution pH, adsorbent 
particle size, salinity and hardness on the adsorption of Cr(VI) were studied in detail 
in batch experiments. The equilibrium contact time for Ci(VI) adsorption was found 
to be Ih. The maximum ads<Mption (96.2%) was recorded at pH 3 for the initial 
C]:(VI) concentrodon of SO mgjL'^  The adsorption data followed both Freundlich and 
Langmuir iso&erms. Thermodynamic paramrters AG. AH and AS were also evaluated 
which suggested spontaneous and~5idodiennic nature of CrfVT) pHy^ nrptirin "Hie 
adsorbed metal ions firom mdustrial wastewater were recovered using 0.1 M HCl 
solution. The colunm opeiadon was found to be more effective compared to batch 
process. The percent recoveiy of Ci<VI) fiwm industrial wastewater by colunm 
Operation and bat^ process was found to be 8S.8% and 65% respectively. The results 
show that baik of Pinus roxbur^iii can be used as a cost-efiective adsorboit for the 
renK>val and recovery of Cr(VI) fiom wastewater. 
Keywords: Adsorption; Batch es^eriments; Freundlidi and Langmuir isotherms; 
Column operation; Cost-effective 
